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MODEL STUDY OF A ROLLER COMPACTED CONCRETE STEPPED SPILLWAYA 
Discussion by Hubert CHANSONb 
 
The authors presented the results of one particular laboratory study. The work is helpful in understanding the various 
aspects of the hydraulics of stepped channels. 
The discusser wishes to point out that the paper is however incomplete. It deals with one particular case and it should 
not be considered as the state of the art in model study of stepped spillways. Several important bibliographic references 
were not considered (e.g. ESSERY and HORNER 1978, FRIZELL 1992, PEYRAS et al. 1992). Altogether the results, 
presented by the authors, is within the scatter of numerous existing laboratory investigations. 
 
Some history of stepped channels 
The discusser (CHANSON 1995, pp. 23-43) reviewed recently the history of stepped spillways and stepped spillway 
design since the Antiquity. He noted that, during the 19-th century, stepped (or staircase) weirs and channels were quite 
common. Numerous dam engineers described indeed the construction of stepped spillways1 : e.g., HUMBER (1876), 
SCHUYLER (1909), WEGMANN (1907, 1911, 1922). The discusser noted that, in Europe and in the USA, nearly 
one-quarter to one-third of the dams built during the 19-th century included a stepped spillway ! 
It is felt that the authors were narrow-minded in stating that "there was little interest in the (stepped) spillways prior to 
1982" ! 
 
A broader bibliography 
For the past 30 years, numerous investigations of stepped spillways were performed over the world. Some are related 
here for completeness. 
In United Kingdom, the CIRIA conducted comprehensive laboratory tests (ESSERY and HORNER 1978). The tests 
were posterior to the construction of the Clywedog dam (completed in 1968) which included a stepped spillway (h = 
0.76-m, Ho = 73 m). 
Soviet engineers were among the first to propose a stepped concrete protection (fig. 1) on the downstream face of dam 
to pass flood discharges under the leadership of P.I. GORDIENKO (e.g. GORDIENKO 1978). The concept of 
overflow earth dam incorporates a spillway system which consists of a revetment of precast concrete blocks laid on a 
filter and erosion protection layer (PRAVDIVETS and BRAMLEY 1989, PRAVDIVETS 1992). The channel bed is 
very flexible and allows differential settlements as individual blocks do not need to be interconnected, and high 
discharge capacity can be achieved. 
                                                          
a by RICE, C.E., and KADAVY, K.C., Jl of Hyd. Engrg., ASCE, 1996, Vol. 122, No. 6, pp. 292-297. 
b Senior Lecturer in Fluid Mechanics, Hydraulics and Environmental Engineering, Department of Civil Engineering, 
The University of Queensland, Brisbane QLD 4072, Australia. 
1 Ancient names for the spillway include : waste waterway, wastewater weir, idle-discharge outlet, byewash or bywash. 
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In South Africa, several applications of gabion stepped weirs (e.g. STEPHENSON 1979, 1980) and stepped RCC weirs 
(e.g. HOLLINGWORTH and DRUYTS 1986, STEPHENSON 1991) were investigated. GERINGER (1994) 
documented and illustrated several stepped spillways of RCC dams which have been built since 1985. 
In France, similarly, the construction of RCC stepped spillways (e.g. M'Bali dam, h = 0.8 m, Ho = 29 m; Riou dam, h = 
0.43 m, Ho = 22 m) and gabion stepped weirs (fig. 1) instigated a comprehensive series of experiments (BaCaRa 1991, 
PEYRAS et al. 1992). 
Numerous investigations have been performed elsewhere, including in Australia, India, Spain. 
Stepped channels are used commonly also for stormwater drainage (e.g. CHANSON 1995, pp. 13-14), for river training 
and control of debris flows. Associated applications include water treatment plants (e.g. for the re-oxygenation of 
Calumet waterway), stepped fountains and road gutters in steep areas. 
 
Similitude and physical modelling of stepped spillway flow 
Recently several important laboratory studies of stepped channels provided significant contributions to the 
understanding of stepped channel flows : i.e., ESSERY and HORNER (1978), FRIZELL (1992), PEYRAS et al. 
(1992). 
Although open channel flows are commonly modelled with a Froude similitude, similarity of stepped channel flows is 
more complex because of : 1- the various flow regimes (nappe and skimming flow regime), 2- the role of the steps in 
enhancing turbulent dissipation and 3- the substantial amount of free-surface aeration. 
Considering a skimming flow (fig. 2), a dominant feature is the momentum exchange between the free-stream (i.e. 
flowing waters) and the cavity flow within the steps. At each step, a turbulent momentum transfer mechanism takes 
place in the separated flow region of the triangular cavity. The recirculation within the cavity is associated with 
turbulent and viscous dissipation. Basic dimensional analysis yields : 
 F1(V, yn, h, l, α, ks, g, µw, ρw)  =  0 (1) 
where V and yn are the mean flow velocity and flow depth, h, l and α characterise the triangular cavity geometry, ks is 
the skin roughness height, g is the gravity acceleration, and µw and ρw are the dynamic viscosity and density of water 
respectively. For horizontal steps, α = tan-1(h/l) but three parameters are required to defined the cavity geometry in the 
general case of inclined steps. 
In dimensionless term, equation (1) can be rewritten as : 
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where the first term is a Froude number, the second is a Reynolds number, the third and fourth parameters characterise 
the cavity shape, and the last term describes the skin friction effects on the cavity walls. It must be noted that the above 
analysis neglects the interactions between adjacent steps and the effect of free-surface aeration. 
Altogether a Froude similitude cannot describe the complexity of stepped spillway flows. 
In the re-analysis of a large number of experimental data, the discusser (CHANSON 1994a,1995) showed that the 
Froude number has no effect on the flow resistance, that the Reynolds might not have substantial effect and that the 
form drag was related primarily to the step cavity geometry. Further BaCaRa (1991) described a systematic laboratory 
investigation of the M'Bali dam spillway. Several identical models were built with the scales of 1/10, 1/21.3, 1/25 and 
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1/42.7. For the scales 1/25 and 1/42.7, the developing flow region and the flow resistance were not correctly 
reproduced. 
It is believed that similitude considerations of stepped spillway flows require more in-depth analysis and the 
considerations, presented by the authors, are grossly incomplete. 
 
Energy dissipation 
Several researchers investigated the energy dissipation above stepped spillways. The author (CHANSON 1994b, 1995) 
re-analysed a large number of experimental results. And a more detailed presentation is shown on figure 3. 
Figure 3 presents the dimensionless residual energy as a function of the crest elevation divided by the critical depth. For 
skimming flows, the experimental results indicate consistently that : 
- the residual energy increases with the discharge for a given dam height, and 
- the relative residual energy decreases with increasing dam height for a given flow rate. 
The data are compared with an analytical formulation developed assuming that uniform equilibrium flow conditions are 
reached at the downstream end of the stepped channel (CHANSON 1994b) : 
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where Ho is the upstream total head, H is the downstream total head, Hdam is the crest elevation above the toe, yc is 
the critical flow depth and f is the friction factor. On figure 3, equation (3) is plotted for f = 1 (as proposed by 
CHANSON 1995). 
Note that, on figure 3, the authors' data (only three points) fit within the scatter of other results. 
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NOTATION 
H = total head (m) at the spillway toe; 
Hdam = crest elevation (m) above the stilling basin; 
ks = skin roughness height (m) of the step facing; 
µw = dynamic viscosity of water (Pa.s); 
ρw = density (kg/m3) of water. 
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Fig. 1 - Various examples of stepped spillway configurations 
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Fig. 2 - Hydrodynamic features of a skimming flow 
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Fig. 3 - Residual energy at the end of a stepped spillway with a skimming flow regime 
(Ho-H)/Ho as a function of Hdam/yc 
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